For the case of a reaction-diffusion system, the stationary states may be represented by means of a state surface in a finite-dimensional state space. In the simplest example of a single semi-linear model equation given in terms of a Fredholm operator, and under the assumption of a centre of symmetry, the state space is spanned by a single state variable and a number of independent control parameters, whereby the singularities in the set of stationary solutions are necessarily of the cuspoid type. Certain singularities among them represent critical states in that they form the boundaries of sheets of regular stable stationary solutions. Critical solutions provide ignition and extinction criteria, and thus are of particular physical interest. It is shown how a surface may be derived which is below the state surface at any location in state space. Its contours comprise singularities which correspond to similar singularities in the contours of the state surface, i.e., which are of the same singularity order. The relationship between corresponding singularities is in terms of lower bounds with respect to a certain distinguished control parameter associated with the name of Frank-Kamenetzkii.
INTRODUCTION
Apparently, literature offers little help in providing a comprehensive definition of combustion [1] , a process which is nevertheless of considerable importance for our present-day industrial civilization. It has therefore been suggested that combustion is perhaps best described by means of a working definition, e.g., combustion is the science of exothermic reactions in flows with heat and mass transfer. Such definition, as has already been observed [1] , is too narrow because there are combustion phenomena which are not encompassed by it. On the other hand, the above 147 definition is too loose in that it comprises many processes which do not qualify as combustive ones. The conversion of iron into its oxide, for example, constitutes an exothermic reaction which one would hesitate to designate as combustive if it is a slow corrosion process. There are some qualifications lacking in the above definition, and they are precisely those which make the combustion processes interesting from the point of view of a physicist or applied mathematician: for an exothermic reaction accompanied by heat and mass transfer to qualify as combustive, it needs to evolve far away from thermodynamic equilibrium such that the nonlinearities 148 D. MEINKOHN in the process mechanism cause the appearance tical difficulties, as there are as yet no generally of certain characteristic phenomena. These could applicable solution methods available. A special be in the form of self-similar combustion waves case may arise depending on whether a certain which are for instance connected with the consolution strategy is applicable which is based on cept of flame propagation as an inherent characwhat has been termed "nontrival local behavteristic of the system, or ignition and extinction iour". Here, the system is viewed as a collection phenomena which are related to the characteristic of identical local homogeneous elements ("partisingularities in the solution set and to the branchcles", so to speak), and local behaviour thus is ing of solutions. Therefore, supplementing the equivalent to the temporal evolution of the local above working definition, combustion processes element which is modelled by a system of ordincomprise exothermic reactions accompanied by ary differential equations on account of the asheat and mass transfer, for which the nonlinearisumption of local homogeneity. The overall ties of the process mechanism are essential, behaviour of the system then results from diffusively coupling the local elements. 
As has been shown in [4, 5] (A(ym;,c,/3, n), y(ym;,,n)).
By means of Eq. (7), the stationary solutions of Eq.
(1) are represented by a state surface: *= A(ym; ,/3, n). (10) change of the convexity index due to a smooth change in the control parameters is associated with a deformation process in the corresponding bifurcation diagram where the appearance of Ycc corresponds to the appearance of a point of inflection Q with a horizontal tangent (cf. Fig. 7 ) at an interior point of a regular branch of )(Ym). Fig. 9(a) ). For all other functions w(y) which thus fail to be strongly enough convex and increasing, there either is no finite supremum or there is no maximum , of /(Ym) (cf. Fig. 9(b) ). Fig. 9(a) Fig. 9(a) ). Therefore, smooth changes in the shape relevant control parameters lead to the appearance of maximum/minimum pairs in the bifurcation diagram, with these pairs either emerging from an interior point of a stable branch of A(ym) (at Ym with 0 < Ym < )Tm, cf. Fig. 9(a) (Fig. (10) ) represent the location of the generic and nongeneric folds. appropriate bifurcation set. In the case of critical singularities, corresponding singularities exist for a surface of lower bounds which is dervied by linear methods and which is everywhere below the state surface of the system. It has been thus demonstrated that linear methods provide information on properties of the system which are essentially caused by its nonlinearity. In particular, the value of the distinguished parameter At at a singularity in the bifurcation set of the surface of lower bounds provides by itself a lower bound for the value of A at the corresponding singularity of the state surface. In the case of slab geometry, this correspondence is illustrated by Figs. 4 and 7 in [4] . In the present paper, lower bounds are derived for the example of a spherical region D, with a swallow tail singularity appearing in the bifurcation set for n= 2.0 at/3=0.275 (cf. Fig. 10 ).
Along such a curve of the bifurcation set, Ym increases monotonically because Ym(ff) is implicitly given by W(ym)-+ ffF(ff).
(51)
Investigations are restricted to those ranges of the control parameters ,/3 where the function w(y;,,n) is strictly increasing, so that the inverse function exists and is strictly increasing also.
CONCLUSION
It has been shown that for a reaction-diffusion system modelled by Eq. (1), the singularities in the set of stationary solutions are of the cuspoid type and thus are associated with generic or nongeneric cusp-or fold-type singularities in the
